Corrosive oesophageal injuries are a common health problem worldwide, particularly in developing countries. The most important causes include the daily use of corrosive substances for cleaning purposes, easy access, lack of descriptive labels on storage containers and, most importantly, inadequate education. Prevention has a huge role in reducing the incidence of corrosive esophageal injuries.
Introduction
Liquid and crystal forms of corrosive substances are commonly used in industrial and house cleaning. Acci-dental or suicidal intake of these substances is a major health problem worldwide [1, 2] . Following the intake of corrosive substances orally, rapidly progressing and severe injuries can develop in the upper gastrointestinal system after acute exposure; stricture and cancer can develop after chronic exposure. Endoscopic examination facilitates determination of the extent and severity of injury during the early period. Steroid and antibiotic treatment, use of oesophageal stents, timing of dilatation methods, and the type of and indications for surgery [1, [3] [4] [5] are still debated.
General Information
Corrosive injuries occur most commonly during childhood, with the greatest risk from 1-3 years of age. Gold-man [6] reported that patients < 5 years and > 21 years of age are at the highest risk for corrosive injuries; the number of cases of corrosive substance intake is ~5,000 per annum in the United States of America alone [7] . Liquid cleaning reagents, which are stored in the home in bottles/boxes of various sizes, are among the com-mon causative agents of injuries during childhood. In addition, small batteries, which are often stored in loca-tions that can be accessed by children, are an important cause of injury. Corrosive substance intake during childhood usually occurs by accident and in small amounts. Therefore, the outcome is generally better. In adults, accidental intake is also prevalent; however, intake with suicidal intent is more common. In such cases, the resulting injury is usually more severe, since the substance is consumed deliberately and in excessive amounts. The mortality rate in cases of corrosive substance intake is 10-20%; this increases to 78% in cases of suicidal intent [3, 6, 8] .
The physical features of the substance can determine the localisation of the lesions. For instance, solid-granular substances can cause burns in the hypopharynx and upper oesophagus, while liquid substances can cause burns in the entire oesophagus and in the stomach. Acidic substances cause less severe injuries, as they lead to coagulation necrosis; conversely, alkaline substances cause more severe problems, as they lead to liquefaction necrosis [5, 8] .
Physiopathology
The histological changes in the oesophagus following corrosive substance intake were classified for the first time in 1951 [9] . According to this classification, the degree of injury can be summarised as follows: submuco-sal edema or congestion, vascular thrombosis and submucosal inflammation, peeling of the superficial layer, necrosis in the muscular layer, fibrosis in deep layers and late re-epithelisation. Superficial mucosal burns generally heal without any complications. Burns in the muscular layer heal with fibrosis; however, a circular injury is likely to result in stricture.
Within the first 2 weeks following the burn, inflammation occurs, necrotic tissues dissociate and granulation and new collagen tissues develop. Between the third and fourth weeks, collagen contraction begins, which can result in cicatrisation. Transmural necrosis in the oesophagus can result in perforation, which is associated with high rates of mortality and morbidity [10] . Regardless of the nature of the corrosive substance (alkaline or acid-ic), the degree of injury is related to the concentration, quantity and physical features of the substance, existing physical structure of the exposed tissue and the duration of exposure. Alkaline agents cause greater oesopha-geal injury compared with acidic agents due to rapid loss of contact with acidic agents (which cause sudden pain), longer exposure to alkaline agents (which are odourless and tasteless) and the alkaline pH of the oesoph-agus and pharynx. In addition, alkaline agents cause liquefaction necrosis, while acidic agents cause coagula-tion necrosis [11] . Following coagulation necrosis, coagulum and scar tissue formation in the exposed area prevent the injury from progressing into deeper layers. In the case of liquefaction necrosis, however, protein and collagen breakdown, lipid saponification, dehydration and thrombosis occur, which have a greater effect on deeper tissues.
The pH value of alkaline agents is also an important determinant of the mechanism of injury. Experimental studies have shown that agents of pH 12.5 and 13 can cause oesophageal strictures; agents of pH 14 cause the most severe injuries [10] . The differences between alkaline and acidic corrosive injuries are summarized in (Ta-ble 1). The anatomical features of the oesophagus also determine the localisation and degree of injury. The most se-vere injuries occur in narrow anatomical structures, where the duration of exposure is highest. Since the shape of small batteries attracts children, corrosive injuries caused by battery ingestion are more common during childhood. Battery-related injuries occur as a result of the combination of caustic damage (exposure of the alkaline battery content) and thermal damage (due to electrical activity) [12] . As batteries are solid, their likeli-hood of becoming lodged in narrow anatomical structures is higher. In addition, the high concentration of acids in batteries leads to localised effects. Therefore, these substances represent a serious danger to children.
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Grading
For corrosive esophagitis, a clinical classification similar to that of skin burns is used. This classification is de-tailed as follows:
First-degree injury: Involves only the mucosa. Mucosal edema and hyperaemic appearance are pre-sent. Heals without complications.
Second-degree injury:
Involves the submucosa and the muscular layer. Ulceration, necrosis and gen-eral mucosal shedding are seen. Ulcerations heal with development of granulation tissue during the early stages and with fibroblastic reaction and collagen synthesis during the late stages. Due to the de-velopment of scar tissue, stricture development can occur between 8 weeks and 8 months.
Third-degree injury: Involves transmural injury with possible perforation, which can also affect ex-tra-oesophageal tissues.
The correct identification of the degree of injury is crucial for treatment planning. However, it should be noted that this classification is generally a subjective evaluation, and a third-degree injury can easily be classified as a second-degree injury.
Diagnosis
As for every disease, the first step in the diagnosis of corrosive injuries involves obtaining a detailed anamnesis. During questioning, it is critical to learn the time of intake and the content(s) of the substance involved. The optimal means of ascertaining the content is to have access to the container or bottle. In the case of children, it is not possible to obtain an anamnesis. Because the parents are likely to be worried, any information they pro-vide regarding the contents of the substance may not be reliable. Similarly, attempting to determine the con-tents verbally in a case of substance intake with suicidal intention will not yield reliable results. The clinical find-ings of corrosive injuries vary and include increased saliva secretion due to irritation, difficulty in swallowing due to edema, ulceration of the soft palate and pharynx, vocal coarsening or aphonia, dyspnoea or stridor, odinophagy, retrosternal pain, epigastric pain and haematemesis. These findings can be present at the time of admission or can appear over the following hours or even days. However, it should not be assumed that pa-tients with a burn in the oral mucosa have no additional injuries or that patients without any complaints have no injuries. Early findings are not present in 10% of patients with very severe injuries, and additional injuries are not detected in 70% of patients with mucosal burns [13] . The symptoms and findings related to corrosive inju-ries are summarised in (Table 2 ).
Mild and moderate Severe
Odinophagy Stridor Among the various radiological methods, Postero-Anterior (PA) lung graphy and direct abdominal graphy can facilitate early diagnosis of severe injuries. These methods enable detection of aspiration-related pulmonary changes, pneumomediastinum in cases of oesophagus perforation, subdiaphragmatic free gas and subcutane-ous emphysema during the early stages. It is also possible to detect perforations by water-soluble contrast to-mography examinations, which are of considerable utility in cases of chronic complications, such as stricture development. Barium examinations should not be performed during the early stages. These methods are useful when evaluating stricture formation after chronic exposure, or for the distal oesophagus/stomach, which can-not be examined endoscopically after acute exposure [14] [15] [16] .
Endoscopic examination provides the most important findings for diagnosis. The endoscopic classification of corrosive injuries is summarised in (Table 3 ). Endoscopic examination should be performed by an experienced physician, since i) the oesophageal wall might be fragile due to injury, and ii) iatrogenic perforation is a possibility. The consensus on timing for endoscopic examination is in favour of early endoscopy. Generally, early endoscopy refers to the first 48 h. However, some authors advocate early endoscopic examination during the initial 36 h, whereas others claim that endoscopic examinations within the first 96 h are free of procedure-related complications [15, 17] . Other important tech-nical points are i) performing endoscopic examination under general anesthesia, ii) postponing the procedure for 7 days to avoid airway complications in cases of patients with severe oropharyngeal burns at the first endo-scopic examination, iii) maintaining minimal air insufflation and endoscope movement and iv) terminating the procedure following identification of the first burn area, before moving to distal locations [18] . According to a retrospective study of 273 patients [19] , grade-3b injuries are the most common type (30%) of injury, and stric-ture development occurs most frequently in this group of patients (53.6%). Therefore, early endoscopy (within the first 24 h) is crucial for treatment planning and predicting morbidity and mortality. The advantages of early endoscopy include the ability to evaluate mucosal injury under direct view, which has a direct effect on treat-ment planning, and the ability to identify those who should be treated as inpatients. Early endoscopy also has limitations, including failure to detect the area of injury, deeper injury in cases of mucosal necrosis and distal injuries when the injury is located in the proximal oesophagus.
Treatment
Because the degree of injury cannot be determined at the initial evaluation, the most extreme scenario should be considered, and life-support treatment should be applied, similar to trauma patients. Airway patency should be assessed and vascular access established to ensure fluid resuscitation. In cases of severe injury, the possibil-ity of laryngeal edema or airway obstruction due to edema in later stages should be considered, and the need for intubation and even tracheostomy should be kept in mind. If intubation is necessary, possible necrosis in the proximal airway should be considered, and the procedure should be conducted under direct visualisation. Oral feeding should be avoided, analgesia should be maintained, and water or milk should not be consumed as antidotes [16] . These steps aim to stabilise the patient's general condition. Once the haemodynamic parameters are stabilised, patients should undergo lung and abdominal ultrasonography, and endoscopic examination should be performed within the first 24 h. Following endoscopic examination, patients with first-degree injury will not require additional treatment and can be discharged once oral feeding is tolerated. Three weeks later, a barium examination should be performed to evaluate stricture development.6 More aggressive treatment proto-cols are required for patients with severe injuries, given the high risks of early-and late-stage complications, while emergency surgical intervention is necessary for patients with perforation.
The consensus concerning feeding is to start oral feeding in patients with normal swallowing function, following stabilisation of the haemodynamic parameters. Total parenteral feeding or nasogastric gastrostomy is neces-sary for patients with insufficient swallowing function. Endoscopy is essential for placement of nasogastric catheters. Due to the risk of perforation, a nasogastric catheter should not be placed blindly. Diverse opinions exist concerning the use of corticosteroids and antibiotics. Experimental studies have shown that steroid use during the early period decreases the rate of oesophageal stricture development [20, 21] . It has been suggested that steroid use decreases stricture development [22] ; however, other studies claim that steroid use is ineffective [23, 24] . Currently, the general principles concerning the use of steroids for corrosive esophagitis treatment are as follows: steroid treatment is not necessary for first-degree injuries; steroids are not useful in cases of perfora-tion (third-degree injuries) or transmural necrosis and are potentially dangerous; if steroids are to be used, they should be used at high doses during the early stages and in combination with antibiotic treatment [10] . Use of antibiotics is recommend if i) infection findings are present, ii) a microorganism is identified or iii) steroid treat-ment is applied [18] .
In addition, various studies on animals have reported that N-acetylcysteine, penicillamine, mitomycin and cer-tain antineoplastic agents decrease stricture development by inhibiting protein synthesis and reducing collagen cross-linking. However, no clinical study has been carried out to date [8, 22, 25] . Surgical treatment options can be classified as emergency surgical interventions and late reconstructive procedures. Emergency surgical inter-ventions are generally performed due to perforation, bleeding and mediastinitis; late reconstructive procedures, on the other hand, are performed due to recurrent dilatations and oesophagus strictures, which do not respond to steroid treatment or endoscopic stent applications [26] [27] [28] . Management of corrosive esophageal injuries involves urgent resuscitation with correction of fluid and electrolyte and acid-base abnormalities, administra-tion of broad spectrum antibiotics and immediate surgical exploration. The aim of surgery is remove all the non-viable tissue in once and do a thorough peritoneal and mediastinal drainage. A significantly higher mortali-ty has been reported in thoracoabdominal approach was used for esophageal resection [29] . Usually the injury is limited to the esophagus and stomach. All injured organs must be resected, if possible, during the first opera-tion for example pancreas, spleen and small intestine.
Emergency surgical interventions are esophagectomy, with distal and proximal stoma, esophagogastrectomy, feeding jejunostomy, and other resections. During esophagectomy, there is two options; transhiatal or trans-thorasic approach. The surgeons may prefer the transhiatal approach. If the patient's situation is stabile, the surgeons may perform reconstruction operations [30] has been reported in transthorasic approach was signifi-cantly higher mortality. Late surgical interventions are reconstruction operations such as gastric pull-up, colon transposition. Free jejunal interposition loops have also been described in the reconstructive surgery [29] . Re-construction is probably advisable at the end of the evolving scarring process, usually after 6 months [31] . Co-lonic transposition changes the gastrointestinal anatomy more than gastric pull-up and involves more than an anastomosis because it comes with increased morbidity and mortality [32] . Gastric damage commonly occurs in the antrum or corpus of the stomach. The useful diagnostic tools are eosophagogastroduodenal contrast studies and upper gastrointestinal endoscopy which show the extent and severity of injury body. The surgical options are total/ subtotal gastrectomy, antrectomy, gastrojeunostomy, pyloroplasty. the surgeons may choose the operation type for patient's affected site of stomach [33] . Treatment is generally insufficient in cases of widespread necrosis or perforation; thus, the clinical condition can rapidly lead to mediastinitis and sepsis, eventually resulting in mortality. In such cases, surgical options include esophagogastrectomy and late reconstruction or cervical esophagectomy and feeding jejunostomy. Treatment options for late-stage complications include intraluminal stents, endoscopic dilatation and late oesophageal reconstruction methods.
Complications
Complications following corrosive substance intake include pneumonia (chemical or aspiration), atelectasis, dysphagia, tracheobronchial fistule, gastrointestinal system bleeding, aortoentericgastrocholic fistules, perfora-tion, stricture and the development of malignancy. Malignancy development (squamous cell carcinoma) is a late-stage complication of severe corrosive injuries. The average rate of carcinoma development following cor-rosive strictures is 2.3-6.2%, and the frequency of corrosive substance intake in all patients with oesophageal cancer is 1-4% [34]. Corrosive substance intake increases the risk of carcinoma development 1000-fold compared with that in the normal population. Following corrosive substance intake, carcinoma development can take ~40 years. These carcinomas occur most commonly in the mid-oesophagus, which is consistent with the localisation of strictures. Concerning carcinoma development, controlled endoscopic examinations should be started 15-20 years after corrosive substance intake, and these examinations should be repeated at 1-3-year intervals [35] . The majority (60-70%) of oesophageal strictures are of peptic origin and are localised in the squamocolumnar joint. Strictures are the most frequent chronic complication of corrosive esophagitis. Stricture development is a result of the recovery process after oesophageal injury. As expected, the likelihood of stricture development is directly proportional to the severity of injury. Stricture development is expected to occur in 15-30% of patients with a second-degree injury and in up to 90% of patients with a third-degree injury [36] . Stricture development results in the inability to perform normal swallowing functions and in malnutrition. Generally, a lumen diameter > 10 mm is sufficient to continue normal life; stenosis, which can prevent the forward movement of the endo-scopic guide or cause complete obstruction, can be seen in cases of severe injury. Various methods for mainte-nance of a normal lumen have been described. These include intraluminal stent placement in cases of deep partial or perforation-free transmural burns, dilatations with balloons or bougies, intralesional steroid applica-tions and by-pass procedures with or without resection.
Intraluminal stent applications were first described in experimental studies in the 1970s, and these stents have since been used in children and adults. Stents can be placed endoscopically or with the aid of gastrostomy. In addition, this process can be used in combination with antibiotic and steroid treatments, although successful treatment without steroid use has also been reported [37] . Various bougies and balloons are used for dilatation. Dilatations are not performed during the early stages due to the high risk of perforation and are considered only after stricture development. The procedure is usually performed in an anterograde manner. In cases of multiple strictures/strictures involving the esophagogastric junction, the procedure can be performed in a retrograde manner. Only experienced operators should perform dilatation procedures, since perforation is a frequently reported complication [10] ; the rate of perforation during balloon dilatation is ~20-25% and can be slightly higher in cases of perforation due to alkaline substances [38] reported that the rate of perforation is 22% during balloon dilatation in patients with strictures due to alkaline substance intake. If perforation develops during dilatation, the necessary steps required depend on the degree of perforation, as well as the clinical condition of the patient. In cases of small perforations, parenteral feeding, acid suppression treatment and antibiotic treat-ment can be used, provided that haemodynamic stability is ensured. On the other hand, surgical treatment may be required in cases of large perforations and haemodynamic instability. A disadvantage of balloon dilatation is that a single dilatation procedure is not always sufficient; repeated dilatations may be needed. It has been reported that balloon dilatation in combination with intralesional steroid treatment increases the success of dila-tation and decreases the number of dilatation procedures required [24] . Surgical intervention is not needed if adequate swallowing function is ensured by dilatation; however, reconstruction is necessary when dilatation is not successful. The stomach and colon are the most common organs used for reconstruction. Previous studies have discussed the necessity of an esophagectomy prior to reconstruction. Some authors support esophagec-tomy, due to the risk of cancer development in the remaining parts of the oesophagus, while others argue that a fibrotic oesophagus is prone to complications, and esophagectomy is not necessary due to a higher risk of complications than cancer development.
In a previous study, 68 patients with diffuse/multiple costic oesophageal strictures who had undergone surgical reconstruction due to unsuccessful treatment following corticosteroid treatment, repeated dilatation procedures and endoscopic stent placements were evaluated. Colonic interposition was preferred for reconstruction in 63 patients (92.6%), partial esophagectomy and esophagogastrotomy in 3 (4.4%) and jejunal interposition in 2 patients (3%). According to a questionnaire on swallowing functions, 65 patients (95.7%) had good swallowing function after an average period of 22 months (6 months to 8 years). With respect to complications, nine pa-tients (13.2%) had anastomosis leak. two patients (2.9%) had infections, three patients (4.4%) had anastomotic stenosis, one patient (1.4%) had intestinal obstruction, one patient (1.4%) had pneumothorax, and one patient (1.4%) had aspiration pneumonia. Overall, complications were detected in 19 patients (27.9%) [1] . Previous studies have reported that using the stomach instead of the oesophagus during reconstruction has several dis-advantages, including gastroesophageal reflux, ulcer development and anastomosis stenosis. Other disad-vantages reported include the possibility that the stomach is affected by corrosive injury, and that the stomach is of insufficient length compared with the oesophagus. Jejunal interposition, on the other hand, is rarely used since vascular feeding can be easily damaged and it is not resistant to acids. Using the colon instead of the oe-sophagus has several advantages, including better blood flow, sufficient length, resistance to acids, and a lower incidence of stenosis development. Therefore, the colon is the preferred alternative to the oesophagus [1, 26, 29] .
In conclusion, corrosive oesophageal injury is a common health problem worldwide. Symptoms and findings at admission may not be correlated with the severity of the injury; thus, each patient should be considered to have severe trauma, and treatment should be applied accordingly. Following haemodynamic stabilisation, early en-doscopic examination is the most important step in treatment planning and prediction of clinical progress. It should be noted that existing injuries may lead to life-threatening complications even after acute exposure, and long-term follow up is vital.
